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NOTATI ON

Projected area of planing surface, exiuding area of
external spray strips

Maximum breadth over chines , exiuding external
X spray strips

D Propeller diameter

F Volume Froude number V/ V~v 1
~

3

g Acceleration of gravity

J Advance coefficient , V/ nD

KQ Torque coefficien t

Thrust coefficient

LCG Longitudinal center of gravity

LOA Overall length

L Projected len gth of chine

n Propeller rotational speed
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~
PS Shaft Power

R.~. Total resistance

Appendaged hull resistance : X = P for parent hull
AX X = T f o r  tunnel hull

Bare hull resistance : X = P for paren t hull
BX X T for tunnel hull

R esistance coefficient

SHP Shaft horsepower

t Thrust deduction fraction l_ (R
T

/T)

I Thrust

V Speed
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W
Q 

Taylor wake fraction determined from torque identity

W
T 

Taylor wake fraction determined from thrust identity

V Displacemen t volume

Displacemen t weight
P Ratio of bare parent hul l  resistance to resistance

with appendages of hull  being considered

n B C —)  Ratio of bare to appendaged hull resistance for the same
hul l configuration

~~~ 
P) Ratio of bare parent hull resistance to

~~BX resistance of bare hull in question

Ratio of appendaged parent hull resistance to
resistance of appendaged hull in question

Hull efficiency (l_ t)/(l_s
~T
)

Open water propeller efficiency

Relative rotative efficiency

v

--- - 
. - .

~~~~ ~~~~~~
-----

~~~
. . --



THIS PAGE INTENTIONALLY LEFT BLANK



~~~~~~~~~~~~~~~ 
- - 

~~~~~~~~~~~~~~~ .

ABSTRACT

Resistance and self-propulsion data are presented for Model

5048 fitted with tunnels equal in depth to basic propeller diameter.

The relative merits of seven combina tions of LCG posi tion , propeller

diame ter and trim tabs are discussed . A forward LCG pos iti on offe rs

the bes t combination of draf t and shaf t power . Comparisons are also

made with the same hull without tunnels and with two sets of shallow

tunnels. The 100 percent tunnel is inferior to both shallower

tunnels in draf t and power requirements , but it gives superior pro-

pel ler  protection for beach in g opera ti ons. The 65% tunnel requ ires

the least draft and gives good propeller protection , but it requires

more power than the 40% tunnel.

ADMINIST RATIVE INFOR MATION

This report was authorized and funded by the Naval Insh ore

Warfare Craf t Off ice (Code 114) of the Systems Development

Depar tment, David W. Taylor Naval Ship R~D Cen ter, which prov ides

Techn ical Man agement for the Naval Inshore Warfare Craf t Program ,

SSW-02 (previously the Special War fare Craft Program , S38-20X). The

Pr in cipal Development Activi ty is the Naval Sea Sys tems Command wit h

program mana gemen t in the Advanced Technolo gy Sys tems D ivisi on (SF~A

03221). Program funding is under element 6.3586 N. This specific

task was funded under center work unit 1-1140-606 .
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UNIT S

U . S .  customary units were used for the original measurements

and calculations. SI (Metric) equivalents of US units are given

where they first occur in the text and elsewhere if required for

clarity. U.S. units are used alone when their SI equivalents have

prev iously been given an d where the un it performs an adjec tival

function , as in “6 inch propeller ”. This usage has been adopted to

facilitate cross-referencing between this and previous reports in

the tunnel-hull series.

The appended da ta tables , prepared bef ore the adop tion of SI

units , have not been revised to incorporate SI equivalents due to

time and cost constraints.

2 
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INTRODUCTION

Minimum navigational draft is a prime requirement for small

high performance craft intended for use in shallow water.

Conventional designs have propellers and appendages which project

below the baseline , and the usual approach in reducing draft is to

reduce propeller diameter or adopt waterjet propulsion , techn iques

which are not necessarily beneficial  in terms of propulsive

efficiency.

An alternative approach is to house the propellers and

appendages in so-called tunnels, or troughs in the hull bottom . By

thus raising the propellers relat ive to the baseline , the draf t can

be reduced while retaining the same propeller diameter. Propeller

eff iciency may even be beneficial ly affe cted by the par tial

shroudin g effe ct of the tunnel wa l l .  On the other hand , the loss of

plan ing surface and changes in pressure dis tribu tion on the bottom

may adversely affect the running trim , draft and resistance .

The general characteristics of shallow tunnel hull craft were

explored by Harbau gh and Bloun t1 in an exper imen t in wh i ch Nava l

Sh ip Research and Developmen t Cen ter Model 5048 was equ ipped with

two sets of tunnels , accommodated within the original hull lines .

Propellers of 6.00 inch (0.152 metre) and 5.25 inch (0.133 metre)
.1

diameter were employed. The tunnels were 6.062 inches (0.1540

metres) wide and had dep ths of 40 and 65 percen t of the larger

propeller diameter. Resistance and self-propulsion runs were

conducted at Langley Field , V irgin ia .

3 
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The current experiment was more specifically intended to

examine the potential of deeper tunnels as a means of providing

increased propeller protection , especially for beaching operations .

For this application overall eff iciency is a secondary

consideration and waterjets are of ten employed because of their

comp arative immunity to damage . It was hoped in this experiment to

obtain similar immunity for propellers in deep tunnels while

retaining the efficiency advantage of propellers over waterj e ts .

David W. Taylor Naval Ship R GD Center Model 5048 was f i t ted

with a set of 100 percent deep tunnels and resistance and

self-p ropulsion runs were conducted at Langley F ield , for similar

conditions of displacement and s tat ic trim to the earlier tests. Two

othe r static tr im conditions were also inves tiga ted , and in addi ti on

trim tabs set to 5° and 10° were f itted to the stern for an

abbreviated series of runs. The same two sets of propellers used

previously were again employed.

This report is in two parts . The first presents the results of

the 100 percent tunnel hull experiments while the second compares

the results of the current work wi th the previous parent and tunnel

hull test results. Because a large number of hull con figurations

are d iscussed , particular care should he taken to distinguish

between them . In this repor t, “parent hul l”  ref ers to the or igina l

model 5048 without tunnels. Tunnel hull forms are i dentified by the

depth of the tunnels (40,65 or 100%). The 100 percent tunnel hull

is further descr ibed in accordance with it s LCG and tr im tab

con f igura tion as ou t l ined in App en d i x  1 . Any of the se hu l l  forms i s

4
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also described as “bare” or “appendaged” depending on whether the

normal appendages (rudder, propeller shafts and struts) were

present . Finally, most of the tunnel hull confi gurations were

tested with two sets of propellers.

MODE L DESCRIPTION AND EXPERIME NTAL PROCEDURES

Model 5048 had been selected by Harbaugh and Bl ount as the

parent hul l from hydrodynainic and design considerations. The model

specifications are given in Table 1. The model was modified to

accep t two fiberglass tunnels , details of which are shown in Figure

1. The upper curved boundaries were formed by sections of two 6.062

inch (0.1540 metre) diameter cylinders intersecting at 12 degrees ,

and the side walls were flat vertical sections parallel to the

center line . Appendages comprised twin rudders (mounted in the

tunnels), propeller shafts and struts.

TABLE 1 - Specifications for Model 5048

LOA 10.125 ft 3.084 m

L 9.75 ft 2.972 m
P

8 2.62 ft 0.798 m
X 2 2

A1, 
20.65 ft 1.918 m

Projected area per rudder 0.078 ft 2 0. 00725 in
2

Deadrise (afterb ody constant) 8.5 degrees

Shaft angles (wi th respect to
baseline , for 100% tunnels) 1.17 degrees

S 
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Trim tabs were fitted to the t ransom for some runs , and details

of their location and dimensions are given in Figure 2. Stern views

of the hull  with 6.00 inch diameter propellers , appendages and trim

tabs in place are given in Figure 3.

The propellers were left - and ri ght-handed pairs , having

diameters of 6 .00 and 5.25 inches (0 .152 and 0. 133 met res) and

nominal tip clearances of 0% and 7.1% of the i r  diameters . Mean

val ues of the open water characteristics of each pair of propellers

are given in Figure 4 .

The model was ba llasted to a d isplacemen t of 340.5 lb (154.6

kg) for all runs, it was towed in the thrust line and for

propulsion tests it was powered as closely as possible to the

self-p ropulsion point . Fi ve d i f fe ren t  configurations were tested as

described in Appendi x 1. Configuration I (LCG=39 .8% L1, forward of

the transom) corresponds to the configuration emp loyed in previous

experiments.

EXP ER IMENTAL RESULTS FOR 100 PERCE N T TUNNEL HULL

The hull characteristics for the five configurations tested are

presented in Figures S through 9. The data have been

non-dimensionalized (except for trim angle) for ease of comparison

wi th previous tests , which were conducted at a slightly hi gher

displacemen t (345 lb , 157 kg). The draft figures re fe r to draf t of

the baseline at station 10. Resistance values have been corrected

to fresh water at 59°F (15°C), and only the horizontal component of

towing force is reported.

6 
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Fi gure 10 presents the appendage drag factor n 8 for

configurations 1 2 and 3. Care should be taken to distinguish

between (the ratio of bare to appendaged hull  resistance for the

same hull form) and (the ratio of the resistance of the bare

parent hull  to the resistance of the appendaged tunnel or parent

h u l l ) .  Confusion can lead to serious misinterpretation of the data.

Addend um 1 discusses this subject at length and should be referred

to.

Propulsive chara cteristics ( l _ W
T b l-W 0 , 1-t , and for

confi gurations 1, 2 , 3, 4 , and S are shown in Figures 11 to 14 . The

computation of these coefficients was done us ing a computer program

avai lable  at DTSNRDC which corrected the data to the self—propulsion

point . Sample data from the earlier tests were also re-analyzed

using this program and i dentical results to those reported earlier

were obtai ned. The data were cross-faired using another standard

DTNSRDC computer program to avoid anomalies ar ising from visual

fairing of individual curves.

Data taken during the experiment are tabulated in Appendix 2.

These data correspond to Langley water conditions , wh ich are as

given in the tables. Data wh ich were obviously defec ti ve have been

omi tted , which accounts for missing run numbers .

Propulsive coeffic ients calcula ted from the Langley da ta (bu t

not cross-faired) are presented in Appendix 3.

Tr im , draf t and propulsive coefficien ts for the bas i c cond it ion

wi th 6 inch propellers have not been plotted because their abnorma l

values and scat ter  indica te  that the measurements are erroneous .

L 7 
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These measurements were the fi rs t to be taken during self-propulsion

tests and prob lems with test techniques were encountered .

DISCUSSION OF 100 PERCENT TUNNEL HULL RESULTS

The general trends exhibited in trim , draft  and resistance are

consistent with the configuration changes represented in

Figures 5 th rough 7. Rea rward movement of the LCC results in

increased runn ing t r im and reduction in the volume Froude number at

which peak trim occurs . It also results in greater maximum draft ,

although the peak remai ns at F = 1.3. A secondary h ump occurs in
fl y

the draft  curves , roughly coincident with the point of maximum trim

for each configuration . Both trim and draft are somewhat higher in

th e self-propelled condition than when towed. A contrast is evident

in the comparisons of bare hull  and appendaged hul l  behaviour , where

the bare hul l trim and draft are below , equa l to or , above the

appendaged hu ll  values depending on the stat ic trim. Desp ite this

the appendaged resistance is always higher then the bare hull

resistance .

A feature not noted in previous tests is the dis tinc t trim and

draft characteristics associated with each set of propellers .

(Previously, one set of curves defined the trim and draft character-

ist ics for both propeller diameters.) This may he due to the

increased tunnel area acted on by the propeller flow field.

Comparing appendaged resistances , configuration I , with the

basic LC(~ pos it ion , has the lowest resistance up to F =4.0.
fly 

~~~-—- --~~~ -,-. --~~~~~~ ~~ - -  -~~~
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Configuration 2 , with the LCG moved forward , shows higher resistance

over the entire speed range. Configuration 3 shows higher

resistance at intermediate speeds but matches configuration 1 from

F =3.0 to F =4.0 and is slightly better at higher speeds.
fly fly

A comparison of Figures 5 , 8 and 9 shows that running trim is

markedly reduced by the addition of 5° transom flaps . Changing to

10° flaps reduces the peak trim angle still further. Running draft

is also reduced , but less dramatically , and at F =4.0 it is
V

practically unchanged for both flap settings . Resistance character-

istics are practically unchanged up to F =2.5, but above that speed
fly

the resistance increases sharply with increasing flap angle.

The appendage drag factor (F igure 10) changes somewha t wi th

LCG pos ition , wi th configura tion 1 giv ing the h ighes t values , in the

order of 0.97. The other configurations yield values in excess of

0.92 over the Froude number range from 2.0 to 4.0 (the accuracy of

the calcula tion becomes question able at lowe r Froude numbers because

of the small numbers being ratioed). These high values probably

reflect the shadowing effect produced by mounting the appendages in

deep tunnels out of the free stream flow .

The propulsive characteristics are given in Fi gures 11 through

14. They exhibit many of the same features that were seen in

earl ier  experiments. For example , 
~R is higher for the p ropeller

with zero tip clearance , (1-t)  is re la t ive ly  unaffected by propeller

diameter , and ( l _ W
Q ) and ( l _ W

T
) are hi gher for the sma l l e r  di ameter

propellers . Refe rence (I) discusses these effects at length , so

th ey w i l l  not he elaborated on here . 
—

9 
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It should be noted that (1-t) is computed as the ratio of the

horizontal component of appendaged resistance to the shaft line

thrust, and this is consistent with the earlier tunnel hull data

analysis.

Figures 15 and 16 are summary plots for each set of propellers ,

from which it can be seen that both sets of propellers are qui te

insensitive to changes in trim and draft arising from shif ts in the

LCC position , as evidenced by the similarity of the 
~R

’ (l~WQ
) and

(1_W
T
) curves. The introduction of trim tabs produces greater

changes in these coefficients, apparently because the low trim

angles which are obtained serve to mask the propellers to greater

degree.

PERFORMANCE EVALUATION OF TUNNEL HULL FORMS

The relative merits of the various tunnel hull forms tested

during this program are discussed in the following sections. The

main text presents comparisons of overall draft and required shaft

power , the two most important performance criteria, so that the

results of using different tunnels can be readily seen. This is

an appropriate method of presentation because all of the models

were derived from the same parent hull form.

An alternative method of data presentation is the one adopted

in Reference 1. There the objective was to formulate a preliminary

design method for obtaining initial powering estimates for tunnel

hulls derived from any conventional planing hull form. In this

method the bare hull resistance of the basic planing hull in question

10
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is used in conjunction with an efficiency factor (which accounts

for all the interaction effect. of the tunnels and propeller.

with the parent hull) to obtain an estimate of shaft power from

1 ) 1
BP ~A~H~R ‘~o

Values of the efficiency factor were determined from the 40% and

65% tunnel experiments described previously.

Unfortunately, a data reduction error resulted in incorrect

values of the efficiency factor being reported in Reference 1.

This also led to misleading conclusions being drawn concerning the

advantages of 65% tunnels, as a comparison of Reference 1 and this

report will show. The opportunity has been taken in this report to

correct these errors and to add data for 100% tunnels so that the

usefulness of the design method can be extended . These corrections

and supplementary data have been presented in the form of an addendum

which can readily be copied and inserted in Reference 1.

Relative Merits of 100 Percent Tunnel Hull Configurations

Two measures of merit can be applied in attempting to evaluate

the craft configurations reported. The first is obviously the

navigational draft. The value reported here is the draft of the

baseline at station 10 (transom), chosen because it represents the

deepest point on the hull for the general case of bow-up running

trim. Shaft power, obtained from the equation

P = R  V( 1 )1
S TBX ~B~ H~ R ‘~o

or P R V( 1 
~S T x f l n

~ 
no

U 

- -~~~~~-- --— - .
~~~~--~~~~----- -~~~~~



is the other measure of merit. As the equations make clear , shaf t

power depends on three separate factors, namely the bare or

appendaged resistance of the hull  in question , the interaction

effects of the propeller and hull , and propeller open-water

characteristics. The shaft power calculation in effect suimnarizes

the results of variations in these factors which have already been

illustrated individually. Therefore, in assessing the relative

merits of the seven combinations of propeller diameters , LCC ’s and

trim tabs under considera tion , it is necessary to examine their

power requiremen ts to determine the ne t gains to be achieved by

chang ing any of these parameters.

Powe r requirements and dra fts of the seven configuration s are

summarized in Figures 17 and 18. Unfortunately, the paren t

configuration with zero-clearance propellers is not represented

because of faul ty data , so the comparison is incomplete ;

nevertheless the trends exhibited in these figures reveal tha t th is

confi guration can be expected to have slightly lower draft then the

same confi gura tion with smaller  propellers , and its shaf t power

input is likely to be about 7 percent lower , for F >3.0.
fly

The figures show that the use of 10° trim tabs with

zero-clearance propellers gives minimum draft at hump and up to

F =3.5; however, this also requires the highest P expenditure at
n~ S

hi gh speed. A better compromise is the use of 5° trim tabs , but the

best appears to be the use of a forward LCG position , in wh ich case

the draft at hump increases only slightly (although it decreases

less rap idly wi th increasing speed). The latter option requires

12
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significantly less power and avoids mechanical complexity and is

thus the most desirable compromise.

Comparison Wi th Previous Tunnel Hull  Forms

The same two measures of merit which were employed in the

foregoing section can again be used to eva luate the 100% tunnel hu l l

relative to the parent and shallow tunnel hull forms. Figure 19

gives the shaft power requirements for the various hull-propeller

comb ina tions , all at LCC~ = 39.8%. The 100% tunnel - 6 inch

propeller power requirements have been estimated from the trends

observed during the current series of tests. It can be seen that

the power requirements become progressively greater as tunnel depth

is increased , to the extent that the 100% tunnel - 5.25 inch

propeller combina tion requires 43% more power than the parent hull

w ithou t tunnels , at F = 4. 0.
n~

This increase in required power is due to two factors . First ,

there is a very marked increase in resistance associated with

tunnels  greater than 40~ of propeller diameter. Figure 20 gives the

percentage changes in resistance coefficient for various tunnels

compared to the paren t hul l , both hare and append aged. The 1000

tunne l hul l  has as much as 50% hi gher resistance for the hare hull

and 32% with appendages. This putc the deep tunnel at a serious

disadvan t age when comp ut ing the shaf t pow er of the various hull

forms. The increased resistance can only he offset by suhsta~tia 1

increases in propulsive coefficient (n
fl

xn
R
x n ) . and these

13
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un fortunately are not realized in practice (Figure 21). In fact ,

the opposi te is true and th is is the second cause of the power

increase .

I t could be argued that differen t propellers more su itably

matched to the par ticular opera t ing cond itions wou ld improve the

rela tive power requ iremen ts of the deep tunne l hu l l , by achiev ing a

higher i, than the propellers actually used in the experiment.

(This assumes that fl
H

xn
R 

is not affec ted by changes in propeller

pitch.) However, Figure 21 demonstrates that a sizeable increase in

n is required simply to bring the propulsive coefficient back to

its original value (i.e., the paren t val ue) be fore beg inni ng to

compensa te for the large increase in appenda ged res istanc e. To

fully compensate for both effects could require upwards of a 35%

improvement in n ,  and this is unlikely to be achieved in practice .

Further experiments with various propellers of the same diameter but

with various expanded area ratios and pitches would help in clarif ying

this point . Meanwh i le , it can be accepted that the penalty in shaft

power is si gnifican t when 100% , and to a lesser degree 65°~, tunnels

are adapted.

The other merit factor to he considered is navigat ional draft .

Here the comparisons are complicated because the propellers project

below the baseline in some cases. Hence , overall draft becomes the

criterion rather than draft of the baseline (althoug h the two may

coi ncide ) .  Nevertheless , a comparison of basel ine draf ts serves as

a useful starting point (Figure 2 2 a) .  The values for the 100%

tunnel hull are for the 5.25 inch propellers hut the 6.0 inch

14 
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propellers would give similar results. It is noteworthy that the

baseline draft increases as tunnel depth increases. This is due to

the loss of planing area and buoyancy aft and is accompanied by

increased trim angles.

A different result is obtained when the overall draft ,

including propeller draft, is considered (Figure 22b). Here the

par ent hull clearly is at a disadvantage while the 65% tunnel hull ,

whose propellers do not project below the baseline , is superior .

The 40% tunnels offer a fair advantage over the parent but the 100%

tunnels are of minimal benef it . This is clearly due to the loss of

buoyancy and planing area of the deep tunnels resul ting in much

deeper running draft visavis the shallower tunnels. (The estimated

displacemen t of the various tunnels is: 40% , 12 lb; 65% , 17 ib;

100%, 34 lb).

In view of the small improvement in draft over the parent hull

and the very large increase in shaf t power req uired , it could be

concluded that the 100% tunnel hull is inferior to shallower tunnel

hull craft. However, this conclusion can not be considered

absolu te , for two reasons. First , all the hull-tunnel forms have

been compared with LCC~ held constant and it has been shown , at least

for the 100 percent tunnel , that other LCG pos iti on s lead to more

favourable characteristics. Second , the objective in utilizing 100

percen t tunnels was pr imar i l y  to ach ieve increased pr op ll e r

protection . The alternative , the use of waterjet propulsion , would

also invo lve a sign f icant  performance p e n a l t y  so tha t  a more

15



meaningfu l comparison would he wa terj ets vers us deep tunnel

propellers . In the absence of waterjet tests on the same hull , the

comparison is not easily made but the propulsive coefficients greater

tha n 0 .6 which were recorded for the propellers in deep tunnels are

not l ike ly  to be matched by waterjets. This is only a preliminary

jud gement ,of course, and shou ld be conf irmed by waterjet tests in

the same model.

For general operations the 40% and 65% tunnel hulls represent

useful compromises of draft reduction versus required shaft power,

wi th the choi ce depend ing on the rela ti ve importance att ached to

draf t , propeller protect ion and power requirements. The 65% tunne l

hull  offe rs lowe r draf t and greater propeller protecti on , at the

expense of greater shaft power.

A factor to he borne in mind in considering the operation of

planing craft in shallow water is the suction effect between the

hull and the bottom. Investigation of this pheno menon 4 shows that

sinkage and resistance can be greatly increased at near-hump speeds

by decreasing the water depth , hut at high speeds the resis’ance can

be significantly reduced . These effects should be remembered when

applyi ng the data reported here to actual craft designs . The

comparisons made here should , however , remain val i d in determ in ing

the relative merits of the var ious hu ll  forms .

16 
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CONCLUSION S

The relative merits of seven combinations of propellers , LCG ’ s

and trim tabs have been determined using baseline draft and required

shaft power as criteria, for the 100% tunnel hull. Zero-clearance

propellers are sli ghtly superior to smaller-diameter propellers .

Trim tabs reduce the peak draft, which occurs at about F =1.3 , but
fly

require greater power at high speed. A forward LCG position gives

almos t the sane peak draf t wi thout as great a power demand at hi gher

speeds . An aft LCG position produces the best power characteristic

but the greatest draft at hu mp .

The 100 percent tunnel hull has been compared with 40% and 65%

tunne l hul ls  and wi th the parent hul l  wi thou t tunnels , using similar

criteria. Power requirements become progressively greater as tunnel

dep th increases , and this is pri marily due to increased hul l

resistance. The 100% tunnel requires about 40% more power than the

parent hull at F =4.0. Changes in propeller design are unlikely to
fly

significantly reduce this margin.

Overall draft (including propellers) is used as another

criterion. All the tunnel hulls are superior to the parent . The

100% tunnel is infe r ior to shallower tunnels bu t gives grea test

protection to the propellers and permits beaching. The 40% and 65%

tunnels both offer some advantages and the choice depends on the

tradeoffs in draf t , power and propeller protection . The 65% tunnel

hull offers lower draft and greater propeller pro tect ion bu t

requ ires more power than the 40% tunne l h u l l .

____ 
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APPENDIX 1

Model 5048 with 100 Percen t Tunnels

Summary of Teat Condition.

Configuration 1 LCC — 3.88 ft (1.18 in) from Station 10 — 39.8%
Bare Hull Resistance RUns 341—355

Resistance Teat (Appendages) Runs 4—24

Powering Test 6.0” Propeller Runs 26—65

Powering Test 5.25” Propeller Runs 66— 83

Configuration 2 LCG — 4.32 ft (1.32 in) from Station 10 — 44.8%
Bare Hull Resistance Runs 356—377

Resistance Test (Appendages) Runs 84—110

Powering Test 6.0” Propeller Runs 132—150

Powering Test 5.25” Propeller Runs 112—129

Configuration 3 LCG 3.39 ft (1.03 in) from Station 10 34.8% L~

Bare Hull Resistance Runs 378—392

Resistance Test (Appendages) Runs 151—166, 270—274

Powering Test 6.0” Propeller Runs 168—181

Powering Test 5.25” Propeller Runs 182—185, 254—269

Configuration 4 LCG — 39.8% L~, 10° Tr im Tabs

Resistance Test (Appendages) Runs 289—305

Powering Test 6.0” Propeller Runs 276—288

Configuration 5 LCG — 39.8% L~ 5
0 Tr im Tabs

Resistance Test (Appendages) Runs 326—340

Powering Teat 6.0” Propeller Runs 306—321

19
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ADDENDUM

CORRECTIONS AND ADDITIONS TO “AN EXPERIMENTAL STUDY OF A HIGH-

PERFORMANCE TUNNEL HULL CRAFT” BY K • HARZAIJGH AND D . L. BLOUNT ,

SNAME , APRIL 1973.

Since the above paper was published , errors have been discovered

in Figures 10 and 16 of that report. At the request of the authors ,

corrected versions of these figures are presented here. Additional

dat a for the 100% tunnel hull are included for completeness.

The ori ginal Figure 10 was intended to illustrate the variation

in ~ with F . This factor allows for the conversion of bareA
parent hull resistance data to resistance of the appendaged tunnel

hull .  In fact , the curves given in the org inal Fi gure 10 represent

the ratio of bare to appendaged hul l  resistance for the same

hull form. The relationship can be expressed as

RTBP
n =A RT~~

RTBP RTBX
= — x —RT gX RTAX

= nC X T
~B

Obviously, then the curves are in error by a factor whose

magnitude can be significant . Figure 7 of Reference 1 presen ts

curves of - 1) x 100 and (—~
-— -1) x 100 . These have been

11D
reworked and supplemented with 100% tunnel results and are given in

Figure Al , as curves of and vs F . This figure illustrates

the magnitude of the error in the orig ina l curve s of 
~A

’ The error

was carried through into the determination of the ef f ic iency  factor
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( 1 
~ depicted as Figure 16 of Reference 1 and accounts for thefl AXnHXnR

more optimistic conclusions of Reference 1 compared to the curren t

report as to the merits of the various tunnel hull forms.

Corrected Figures 10 and 16 for Reference 1 are appended as

Figures A2and A3, with additional data for the 100% tunnel hull.

These figures can be used with the preliminary design method

outlined in Reference 1 to obtain speed-power estimates based on

parent hull speed-bare hull resistance relationships.

Notation

w1. Appendaged hull resistance: X=P for parent hull
AX X=T for tunnel hull

Bare hull resistance: X=P for parent hull
BX X=T for tunnel hul l

Rr

A RTAX

- 
RTgx

- RTAX
RT8~

nC RTBX
RTAP

= ____

2’

56

— - - - -_ - - -  ~~~~~~ —~~~~----- - - - --~~~-- ------ ----
-“



~~~
_-- 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - ~~~

1.0 _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  - —  _ _ _

- _

—
-9-

0.9 
___

0.8 _ _  _ _  _ _ _  

~~~~\~~~~

•

- -

_ I  

- - -

• - - 
~~~~~~

0.7 _____ _____ 1 ___________ ___________ 

-

1.0 - __________ - _________ ________

- • • - /
0.9 _ _ _ _  _  _ _

~ 4 
)4 

- - - - - - _ - •

_ _ _  _ _ _  _ _ _ _ _ _  

N 
_ _ _  _ _ _  _ _ _0.8 

- 

I - --——— —---

U I

— —-——— 40% ‘.

0.7 • - ---

0.6 I __________ __________ __________

0 1.0 2.0 3.0 4.0 5.0
FnV

Figure Al — Resistance Ratios and for Three Tunnel
Hulls

57

_ _ _ _ _



!p.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -- 

-~~~~~~~~~~~~~~~~~~~~~~~~~~~ ç~~~~~
- —

1.0 

- 
—

-9. -

0.9 ~~~~~~~~~~~- ~~~~

_ _  _ _  _ _  _ _- _ _  _ _  _ _  _ _ _ _

~~~~
-‘ 

~~~ Parent .. 
s—

.

ii — —  40% -
‘-4 - - - - -65% - -C- 

— 100% -

0.7 -.~ 
—

0.6
0 1.0 2.0 3.0 4.0 5.0

F

Figure A2 — Resistance Ratio 
~A 

(Replaces Figure 10 of
Reference 1)

_ _ _ _ _ _  

~
j i.



1.6
6 Inch Propellers Parent Hull Had 5.875

- ________ 
Parent - - - - - 

Inch Propellers

_____ 
40%
65%

1.4 _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

C 
_ - — — -  

C-

1.2 _  - __ _ __ _ _

—-~~~ -~~~~
<- •

1.0

5.25 Inch Propellers - -

_________ 
Parent

_
~~~~-‘~~ 

~~~~~~~
I 

::—  

~~~~~~~~~~~~~~~~~~~~~~~ 

_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ui ~

1.0 
1.0 2.0 3.O~~~~~~~~~~O 5.0

Figure A3 — Efficiency Factor 1 (Replaces Figure 16 of
Reference 1) ~A~H~R

59 

---— -.-- -I

~~~~~~ 



-

REFERENCES

1. Harbaugh, K.H. and D.L. Blount, “An Experimental Stud y of a
High Performance Tunnel Hull Craft,” presented before the Society
of Naval Architects and Marine Engineers, Lake Buena Vista, Flor ida
(Apr 1973).

2. Toro, A.I., “Shallow—Water Performance of a Planing Boat,”
University of Michigan, Department of Naval Arch itecture and Mar ineEngineering , Report 019, Apr 1969.

-- - -  

60 

— -



-~~~~~~~~~~~~~ 
— - - --

~~

OTNSRDC ISSUES THREE TYPES OF REPORTS

( 1) DTNSRDC R EPORTS . A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE . DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES , RECORDING INFORMA
TION OF A PRELIMINARY OR TEMPORARY NATURE , OR OF LIMITED INTEREST OR
SIGNIFICANCE . CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTI F ICATION.

(3) TECHNICAL MEMORANDA , AN INFORMAL SERIES , USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS. NUMBERED AS TM SERIES
REPORTS; NOT FOR GEN ERAL DISTRIBUTION. 

---- ---- --- - _— - - - - -- --- - - --- _- - - -  - - -  -~~~~~ -- ---~


